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D RESULTS OF TESTS USING A 0.03

SCALE MODEL (47-OTS) OF THE

SPACE SHUTTLE INTEGRATED VEHICLE

IN THE AEDC 16 FOOT TRANSONIC PROPULSION

WIND TUNNEL (IA182)

by

B. A. Marshall

ABSTRACT

An experimental investigation (IA182) was conducted in the AEDC 16-foot

Transonic Propulsion Wind Tunnel from September 15, 1978 through September

16, 1978 (first entry) and from September 29, 1978 through September 30,

1978 (second entry). This flow angularity test was conducted to verify

the data taken during test IAI05A which took place from September 8, 1977

through September 27, 1977 (first entry) and from November 12, 1977 through

November 20, 1977 (second entry). Two sting arrangements were used during

the test.

The objectives of the test were to obtain orbiter force and moment data;

wing load indicator data; elevon hinge moments and to investigate flow

angularity corrections to apply to the IAIO5A data.

Data were obtained in the Mach number range from 0.6 to 1.55 with Reynolds

numbers per foot of 3.5 x 106 . The test was conducted using angle-of-

attack sweeps from -8 degrees to +8 degrees and sideslip angles from -6

degrees to +6 degrees. The elevons were fixed at i0 degrees inboard and

5 degrees outboard. All other surface deflections were held at 0 degrees.
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INTRODUCTION

Test IA182 was conducted in the Arnold Engineering DevelopmentCenter

(AEDC)16-foot Transonic Propulsion Wind Tunnel. The test was conducted

from September15, 1978 through September16, 1978 (first entry) and from

September29, 1978 through September30, 1978 (second entry). Total tunnel

occupancyhours for the test period was 24; 12 hours for the first entry

and 12 hours for the secondentry. The test article was a 3 percent replica

(Model 47-OTS)of the SpaceShuttle LaunchVehicle.

Pressure and force data were obtained at Machnumbersfrom 0.6 to 1.55

using angle of attack sweepsfrom -8 degrees to +8 degrees and sideslip

angles from -6 degrees to +6 degrees. A six componentbalance was used

to determine orbiter force and momentdata in the presence of the external

tank and solid rocket boosters.

A total of 25 pressures wasmeasuredduring test IA182. Nineteen (19)

pressures were distributed over the Orbiter base, body flap and OMSpod.

Six (6) pressures were measuredat the ETnose including two simulating AADS

pressures.

This report provides documentationof test IA182 consisting of descriptions

of the model and test procedure, information on data reduction and tabulated

test conditions and results.

The "R" datasets presented in the Appendix have been corrected for tunnel

flow angularity and the "X" datasets presented are uncorrected. DMS

special request 80 documentsthe corrected data which is the samedata

received from AEDCon November28, 1978 (See Reference 2). Thesedata are

plotted with IA183, IAI05A, and IAI56A in Reference 3.
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SYMBOL

_ase

_ase-mps

ABF,Abf

AF

Ai

am

Amps

Aoms

_0,_

Bw

MNEMON IC

ALPHAT

ALPHAO, ALPHA

AFA

ALFETU

ALFI

ALFOU

ALPHAS

BETAT

BETAO

BREF

BFA

BETAS

NOMENCLATURE

DEFINITION

Orbiter base area including Amps, ft 2.

Orbiter base area minus A , ft 2.
mps

Bo_y flap projected area in axial direction,
ft-.

Orbiter axial force

Area over which Pi acts, ft 2.

Distance between bending moment gages

Area of main propulsion system nozzles, ft 2.

OMS pod base area, ft 2.

Angle of attack of the ET/SRB's, degrees

Orbiter angle of attack, degrees

Flow angularity in tunnel pitch plane,

positive up, degrees

External Tank uncorrected angle of attack

Tunnel instrumentation indicated pitch

attitude, degrees

Orbiter uncorrected angle of attack

Angle of attack of the SRB's degrees

Angle of sideslip of the ET/SRB's, degrees

Orbiter angle of sideslip, degrees.

Wing reference span (936.68 in°F.S.)

Flow angularity in tunnel cross plane

positive right to left looking upstream,

degrees

Wing bending moment, in-lbs.

Angle of sideslip of the SRB, degrees



SYMBOL

m

c,c

CAB, Cab

CAF, Caf

CA

CBw

Ce

Ce

Che i

Cheo

C_

CmB,CM B

Cmf

Cm

Cn

CN B

CN e

CN F, Cnf

CN u

CNw

MNEMONIC

BETETU

BETOU

CAB

CAF

CA

CBW

CHEI

CHEO

CBL

CLMB

CLMF

CLM

CYN

CNB

CNE

CNF

CN

CNW

NOMENCLATURE (Continued)

DEFINITION

External Tank uncorrected angle of side-

slip, degrees

Orbiter uncorrected angle of sideslip,

degrees

Wing mean aerodynamic chord (chord 474.8

in, F.S.)

Orbiter base axial force coefficient

Orbiter forebody axial force coefficient

Orbiter axial force coefficient, uncorrected

Wing bending moment coefficient

Elevon reference length

Elevon mean aerodynamic chord

Inboard elevon hinge moment coefficient,

about hinge line X o = 1387.0

Outboard elevon hinge moment coefficient,

about hinge llne Xo = 1387.0

Orbiter rolling moment coefficient, body

axis system

Orbiter base pitching moment coefficient

Orbiter forebody pitching moment coefficient

Orbiter pitching moment coefficient,

uncorrected

Orbiter yawing moment coefficient

Orbiter base normal force coefficient

Orbiter elevon normal force coefficient

Orbiter forebody normal force coefficient

Orbiter normal force coefficient, uncorrected

Wing normal force (shear) coefficient



SYMBOL

(CPB)avg,
(CPB+mps)avg

CPBF

CPi

(Cpoms)avg

CTw

Cy

d

MNEMONIC

CPBA

CPBF

CPBFA

CP(1)

CPBOMA

CPOMSA

CTW

CY

CBVT

CMSTNG

CNSTNG

CSVT

CTVT

CYSTNG

_ei LI-ELV

_eo LO-ELV

_ei/no load R DEINLR

_eo/n° load R DEONLR

em

Hei

Heo

NOMENCLATURE (Continued)

DEFINITION

Orbiter base pressure coefficient

Body flap pressure coefficient

Average body flap pressure coefficient

Surface tap pressure coefficient, port:

(CPBA + CP303)/2

OMS pod base pressure coefficient

Wing torsion moment coefficient

Orbiter side force coefficient

Bending moment coefficient, vertical tail

Pitching moment coefficient from sting

Normal moment coefficient from sting

Coefficient of shear on vertical tail

Coefficient of torsion on vertical tail

Side force coefficient from sting

Distance from Yo = 105 (Exposed Wing Root

Chord) to wing gage #2.

Corrected left inboard elevon deflection

angle, degrees

Corrected left outboard elevon deflection

angle, degrees

Measured right inboard elevon deflection

angle, degrees

Measured right outboard elevon deflection

angle, degrees

Distance from X o = 1307 to wing gage #3

Inboard elevon hinge moment, in-lbs.

Outboard elevon hinge moment, in-lbs.



SYMBOL

K6i

K6o

_b

M

mj

mi

m2

m3

NF

Nw

Pi

PM

Po

P_

q

RM

MNEMONIC

LREF

MACH

P

PT

PHI1

Q(PSF),Q

RI-ELV

RN/L

RO-ELV

NOMENCLATURE (Continued)

DEFINITION

Inboard elevon linear deflection constant

de S
( in-lb )

Outboard elevon linear deflection constant

in-lb

Orbiter reference length 38.709 inch

Freestream Mach number

Moment of elevon gage j, j = 1,2,3 and 4

Moment at wing gage 1

Moment at wing gage 2

Moment at wing gage 3

Orbiter normal force

Wing normal (shear) force, lbs.

Pressure at surface tap i, psf.

Orbiter pitching moment

Tunnel freestream static pressure, psf

Tunnel freestream total pressure, psf

Tunnel instrumentation indicated roll

attitude, degrees

Tunnel freestream dynamic pressure, psf

Orbiter Rolling Moment

Corrected right inboard elevon deflection

angle, degrees

Tunnel freestream unit Reynolds number,

million per foot

Corrected right outboard elevon deflection

angle, degrees



SYMBOL

Se

SF

Sw,SW

Tt

Tw

Xcp v

x1

x2

XT

YM

z 1

MNEMONIC

SREF

TT

XCPV

XMRP

YMRP

ZMRP

NOMENCLATURE (Continued)

DEFINITION

Elevon reference area ft 2

Orbiter side force

Wing reference area, 2.42100 ft 2

Freestream total temperature, °R

Wing torsion moment, in-lbs.

Vertical tail center-of-pressure, lateral

location, in.

37.890 in. (distance to the centroid of the

area from the moment reference center)

39.890 in. (distance to the centroid of the

area from the moment reference center)

-25.821 in. X transfer from orbiter balance

to integrated vehicle MRC

X location of the Moment Reference Plane

Orbiter Yawing Moment

Y location of the Moment Reference Plane

9.795 inches (distance from the centroid of

the area from the moment reference center)

Z location of the Moment Reference Plane

ZCP V

ZTN

ZORB

ZVT

PHI_

ZCPV

ZTN

ZORB

ZVT

-9.795 inches Z transfer from orhlter balance

to integrated vehicle MRP

Angular cylindrical coordinate position

around body, degrees

Vertical tail center-of-pressure spanwise

position, in.

Vertical location of the external tank nose

from the tunnel centerline, positive up, in.

Vertical location of the orbiter reference

point from the tunnel centerline, positive

up, in.

Vertical location of the vertical tail

reference point from the tunnel centerline,

positive up, in.



Other SymbologyIncludes

AADS

_DC

AHCS

avg

din

ET

F.S.,FS

I.D.

L.H.

LH2

LO2, LOX

_S

MRC

N_A

No.

O.D.,OD

OMS

OTS

PWT

Rev.

R.H.

SILTS

SOFI

S_

SSME

T

NOMENCLATURE(Concluded)

Ascent Air Data 6ystem

Arnold Engineering DevelopmentCenter

Allen HeadCapScrew

average

diameter

External Tank

Full Scale

Inside Diameter

Left Hand

Liquid Hydrogen

Liquid Oxygen

Main Propulsion System(Subsystem)

MeasurementRequirementsCommittee,MomentReference Center

National Aeronautics and SpaceAdministration

Number

Outside Diameter

Orbital ManeuveringSubsystem

Orbiter, Tank and Solid Rocket Booster

Propulsion WindTunnel

Revision

Right Hand

Shuttle Infrared Leeside TemperatureSensing

Spray on FoamInsulation

Solid Rocket Booster

SpaceShuttle Main Engine

Transonic



CONFIGURATIONSINVESTIGATED

The modelused during test IA182 (47-OTS)was a 0.03 scale replica of

the Rockwell International SpaceShuttle Vehicle in launch configuration.

The launch configuration consists of the assembly of a payload carrying

orbiter, an expendable external oxygen/hydrogentank (ET) (which provides

fuel for the orbiter main engines), and two recoverable solid rocket

boosters (SRB's). The general layout of themodel is shownin Figure 2a.

Theorbiter is of blended wing body design with a double delta planform

(81°/45°) leading edge, 12%thick wing with full span elevons incorporating

a six inch interpanel gap between the independently deflectable inboard

and outboard panels. A single swept (45° leading edge) vertical tail with

rudder and/or speed brake capability is mountedbetween two orbital maneuver-

ing system (OMS)pods. A single body flap is fitted on the lower trailing

edgeof the fuselage.

The orbiter fuselage is in accord with Rockwell International control

drawing VL70-00OI40A,with the vertical tail as defined by drawing VL70-000146A.

The OMSpods are of the later VL70-000140Cconfiguration, these being a com-

bination of the VL70-08401and VL70-08410drawings. Fitted to this is a

neworbiter vehicle 102 wing as defined in the MD-V70data book(s). For

the purposes of this test and report, this combination shall be referred to

as a "102 orbiter." The orbiter is shownin Figure 2b.

The ET is of cylindrical cross section with a nominal diameter of 333.0

inches full-scale and a maximumdiameter of 336.2 inches full-scale. The

forward portion of the EThas a tangent ogive nose which terminates in a

10



CONFIGURATIONSINVESTIGATED(Continued)

biconic nose cap over the LOXvent valve. The biconic nose has a pitot

and four static pressure taps as a sensing part of the ascent air data

system (AADS). Only two of the four static taps were simulated. The

forward third of the tank is filled with LOX,and the aft two thirds is

a vessel for liquid hydrogen. Theaft end of the tank is basically an

ellipsoid of revolution. Betweenthe two vessels is a structure of

stiffeners which is slightly larger than the nominal tank diameter.

Covering the entire tank is a spray on foaminsulation (SOFI) of varying

thickness as dictated by the relative heat load, i.e., approximately 2.5

inches thick on the tangent ogive, 1.0 inch thick on the cylindrical

portion of the tank and 2.0 inch thick on the rear ellipsoid. The diameters

given above include this SOFI. External to the ET surface are a numberof

protuberances which fall into three major categories: electrical trays,

fluid lines, and attach hardware. Electrical trays which run parallel to

the centerline of the tank are simulated, those which run up next to the

aft orbiter/ET attach hardware are not. Fluid lines modeledare the LOX

and LH2 feed and vent plumbing. The attach hardware that is considered as

part of the tank is the front and rear ET/orbiter attach structure, which

is discarded with the ETat the end of the main engine burn.

The external tank is built to the geometry described aboveand more

specifically to Rockwell International Interface Control Drawing ICD

2-00001, Rev. C, plus Interface Revision Notices B and C. The external

tank is shownin Figure 2c.
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CONFIGURATIONSINVESTIGATED(Continued)

The two solid rocket boosters (SRB's) are 146 inch nominal diameter

cylinders, eachwith an 18 degree semi-angle nose with a 13.27 inch

spherical tip. An 18 degree flared skirt, 208.20 inch diameter, protects

the gimbaled rocket nozzle. A flexible, donut-shaped seal and thermal

shield is provided betweenskirt and nozzle. Major protrusions from

the basic envelope include a forward attach lug, separation thrusters

front and rear, aft attach ring, various stiffeners and a full length

electrical systems tunnel.

In commonwith the external tank, the SRBis built in accord with the

Rockwell International Interface Control DocumentICD 2-00001C,with

the supplementof Interface Revision Notices B and C. An SRBis shown

in Figure 2d.

The entire model was therefore basically in accord with the Configuration

6 LaunchVehicle, comprisedof the 102 orbiter and T39 tank and $27

boosters.

The orbiter provided for this test series is constructed utilizing existing

orbiter fuselage, vertical tail, OMSpods, newwing and body flap com-

ponents. An internal beam/brldge/balance block has been constructed to

allow mounting the orbiter from the attach hardware of the ET and to measure

six componentairloads on the orbiter. Safety factors of three (3) on

yield and five (5) on ultimate have been observed. The complete orbiter

weighs approximately 140 pounds. The model has been principally fabricated

of 17-4 stainless steel and aluminumalloy with somecontouring with Renite.

12



CONFIGURATIONSINVESTIGATED(Continued)

The orbiter is fabricated around a balance block of 17-4 bored and sleeved

to accept the Task 2.5-inch MKXXII balance. This block is located in

the rear half of the fuselage and the 7076aluminumpieces which form the

outer mold line of the fuselage are bolted to it. Thesepieces consist

of a fuselage cover, two fuselage fairings and two wing fairings at the

rear of the body, two side covers, and a forward nose and top cover. The

two OMSpods are fabricated of 7076-T6aluminumalloy.

The OMSnozzles are simulated in aluminumas are the RCSthrusters. The

fuselage and OMSpods are heavily pressure instrumented. The wing is a

two piece aluminumarticle screwedto a central steel wing beam. This

beamof cross shapedplanform supports one wing on a tang on each side of

the central plate. The right hand tang is instrumented with strain gages

to form the three componentwing load indicator balance. While the

center of this beamforms the outer mold line of the bottom of the orbiter,

the tangs are out of the airstream. The wings are madeintegral with the

glove and a labyrinth seal is provided on the metric side to improve the

data quality. Thewings are extensively hollowed to reduce the model

weight.

Each of the wings is fitted with deflectable inboard and outboard elevons

which are supported in torsion only by a beammountedon the hinge line,

and in all other degreesof freedomby plain bearing hinges, also on the

scale hinge line. Identical R.H. and L.H. elevon supports insure similar

aeroelastic deflections. The opposite end of the elevon support beamis

fitted with a ball bearing to minimize hysteresis effects. The right

13



CONFIGURATIONSINVESTIGATED(Continued)

hand wing panels are supported on beamswhich are strain gaged.

An aluminumbody flap with hinge momentcapability and 40 pressure taps

is provided. The hinge momentcapability wasnot used, nor was the body

flap deflection changedduring this test entry.

Twovertical tails are provided for this test, the first being of 17-4

PHArmcowith a single plain hinged rudder/speed brake on each side. The

secondvertical tail is of aluminumand mounts through this samecavity,

but is supported on a six componentbalance to measurevertical tail

airloads directly. No rudder or speed brake deflections were used for

this test.

Simulated SSMEnozzles are provided in the base of the orbiter, since no

sting interferes. The nozzles are set at the nominal angles of 16 degrees

up, no yawupper, and i0 degreesup_ _3 1/2 degreesyaw outboard for the

lower two. The nozzles are mountedto a base plate which closes off the

balance cavity at the back of the orbiter.

The entire orbiter is mountedon the 6-componentbalance, with the taper

fitting into a block in the cavity at the rear of the fuselage. This

block is attached to a beamrunning under the balance block and also to a

stiffener rod that runs forward above the right corner of the balance

block to a "flying wedge" piece attached to the right front of the longi-

tudinal beam. The ET attach hardware mounts to the bottom beamthrough

holes in the bottom of the orbiter.

14



CONFIGURATIONSINVESTIGATED(Continued)

The external tank is principally fabricated of aluminumalloy to reduce

weight and fabrication costs. Theapproximate weight of the external

tank with instrumentation is 190 pounds. Safety factors of three (3)

on yield and five (5) on ultimate have been observed in the design and

construction of the tank.

The 333 inch full-scale diameter tank is built up out of five principal

shell-like pieces that conform to the outer mold line of the tank including

the spray on foam insulation. Thesepieces are a biconic forward tip,

which includes the entire tangent ogive (and is actually madeup of two

non-separable pieces becauseof a late lines change), a cylindrical mid-

body, a short cylindrical aft body, and an aft cap. Slipped around the

back of the aft body to fair into the cap is a ring designated a recontour-

ing block, and a .030 inch shim is placed beneath the cap. These last

two items are also the result of a late lines change. There are two holes

aft and one hole forward on each side which are spotfaced inside and out to

accept the SRBring mounting studs and screws.

Slipped into the front of the nose of the tank is a biconic vent valve

housing with an integral i0 degreehalf-angle conical yawprobe at the front.

This yawprobe (The Ascent Air Data Systemor AADS)is instrumented to scale

with two .010 inch ODhypodermictubing taps at the scale location, .075

inch aft of the tip of the spike (taps 1901 and 1902).

The orbiter/ET attach hardware is scaled to as great a degree as possible

and is load bearing. The orbiter/ET front attach was originally fabricated

15



CONFIGURATIONSINVESTIGATED(Continued)

from a single piece of 17-4 stainless steel with two end plates, but prior

to testing wasmodified to prevent orbiter rolling momentfrom being

transmitted to the structure by use of a pin joint at the orbiter. The

lower end plate fits into a milled recess in the ETmid-body; the upper

one fitting into an analagous recess in the orbiter, and fastened to the

orbiter balance beam.

The aft load is carried through the vertical runs of the LO2 and LH2

feed lines, which are bushed, hollow bolts securing the ET to the orbiter

balance block. The simulated aft ET/SRBattach hardware does not carry

load.

Detailed external tank protuberances are provided. The pressure and feed

lines are as previously used on model 47-T on the 331 inch tank, the el-

lipsoid fairings and cable trays are new construction. Scanivalve and

balance cables and pressures are routed into the tank from the orbiter

through the hollow rear attach bolts. Theseand the cables from the tank

scanivalves are led out to the SRB'sjust behind the SRBfront attach.

The two aluminumSRB'sare reworked from a previous usagewith the principal

alterations being to the protuberances, and the modeof attaching the SRB

to the ET. The SRBto ETattachments were modified to bear the expected

loads and to carry the electrical leads through from the tank.

The SRB'sare fabricated of 2024-T4aluminumalloy to reduce weight.

Theweight of the right hand SRBis approximately 40 poundsand the weight

of the thinner, left hand SRBwith the scanivalves is approximately 21

16



CONFIGURATIONSINVESTIGATED(Continued)

pounds. Safety factors of three (3) for yield and five (5) for ultimate

have been observed in this design.

Both SRB'sare built around a 2.00 inch I.D. x 3.38 inch O.D. aluminum

sleeve. This sleeve is pinned to the eccentric adapter and to the body

of the SRBwith pull pins on each side. The SRBitself consists of four

main parts, a nose cone, a forebody, an aft attach ring and an aft body

and nozzle assembly.

The SRB'sare built up around the forebody with all instrumentation in-

stalled and are then slipped into the mounting holes in the tank. The

aft body, spacer skirt, nozzle and thermal protecting shield of 2024

aluminumalloy are assembledas a unit on the forebody, sandwiching the

aft attach ring between them. This ring is carved of a single piece of

stock with integral mounting studs that simulate theaft attach struts.

A 7/16 AHCSpasses through the simulated SRB/ETfront attach to secure

the front of the SRBto the ET. The nose cone slips over the forebody

of the SRBafter the booster is secured to the external tank.

Nozzle actuator struts are simulated on each of the SRBaft skirts. The

SRBaft separation thrusters and skirt stiffeners are also attached to

the skirt. The cable tunnel is simulated on both SRB's. The SRB

stiffener rings split to fit over the skirt and snap into a locating groove.

The following nomenclature, illustrated in Figure 2b was used to designate

the model components:

17



CONFIGURATIONSINVESTIGATED(Concluded)

S__mbol

B62

C9

E64

WI31

MI6

NIl2

R5

V8

FD3

T39

S27

Description

-140 A/B Body

-140 A/B Canopy

OV 102 Elevon

OV 102 Wing

Short OMS pods, -140 C w/nozzles

SSME nozzles, OVI02 complete

146 A Rudder

146 A Vertical Tail

Flipper Doors

External Tank complete

300 inch O.D. with

protuberances

Solid Rocket Booster complete

146 inch O.D. with protuberances

18



INSTRUMENTATION

Pressure Measurements

A total of 25 pressures was measured during test IA182. Individual Statham

PM 131 TC pressure transducers were used for each pressure tap.

Location No. of Taps Transducer Range (psid)

Base (orbiter) 9 !2.5

Body flap (upper) 8 !2.5

OMS pod 2 _10.0

AADS ET 2 +i0.0

40-degree (ET) 4 if0.0

All pressure transducers were referenced to tunnel static pressure. The

orbiter base and body flap pressure orifice locations are depicted in Figures

2e and 2f, respectively. The OMS pod and external tank pressure orifice

locations are shown in Figures 2g and 2h, respectively.

Main Balance

The orbiter was mounted on the AEDC/Task 2.5-inchMK-XXXI six-component

internal strain gage balance via an internal bridge supported from the

external tank (Figure 2:). The balance moment center is located at

Orbiter station X o = 1095.7, Yo = 0, Zo = 390 full scale.

Metric Elevons

The right-hand elevons were instrumented to measure hinge moment directly

via a beam that supports the panel in torsion about a hinge line coincident

with the scale hinge line.
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INSTRUMENTATION(Concluded)

Attitude Measurement

Primary measurement of angles-of-attack and yaw were made using a combination

of sector setting, sting deflection, and balance deflection.

The stings were gaged with two pitching moment gages and two yawing

moment gages on each fork. A calibration was performed by AEDC to determine

sting deflection versus output of these gages. Balance deflections versus

output were determined as a portion of the normal calibration procedure.

The SRB/ET were considered rigid. The orbiter attitude was the sum of

the sector setting, the sting deflection, and the balance deflection.
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TESTFACILITYDESCRIPTION

The AEDCPWT16 foot Transonic Tunnel (Propulsion WindTunnel, Transonic

16T) is a continuous-flow closed-circuit tunnel capable of operation within

a Machnumberrange of 0.20 to 1.60. The tunnel can be operated within

a stagnation pressure range of 120 to 4000psfa depending upon the Mach

number. The stagnation temperature can be varied from an average minimum

of about 80 to a maximumof 160°F as _ function of cooling water tempera-

ture. Using a special cooling system of mineral spirits, liquid nitrogen,

and liquid air, the stagnation temperature range can be varied from +30

to -30°F. Supersonic velocities are obtained by use of flexible-wall,

Laval type nozzles.

The test section is 16 feet square (in cross section) and 40 feet long.

The entire test section and supporting structure is constructed as a

separate unit, called +thetest section car_ and is removable from the tunnel

circuit. The test seetlon carts maybe movedto the model installation

building where the test article and associated equipment are installed.

Two40 foot long test section carts are available for testing throughout

the design temperature range. Thesecarts are each 20 feet long and are

used in pairs to form the 40 foot long test section. Each cart may be

used in either the forward or aft position in the test section.

The test section is completely enclosed in a plenum chamber which can

be evacuated, allowing part of the tunnel main flow to be removed through

the test section perforated walls, thereby unchoking the test section at

near+sonlc speeds and alleviating wall interference effects.
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TEST FACILITY DESCRIPTION (Concluded)

The 16T standard sting support system was used to support and position

the O.03-scale model in the test section during the first test entry.

The model was supported by a dual sting arrangement consisting of two,

2.0 in. diam. stings exiting from the bases of the left and right hand

solid rocket boosters (SRB). These stings were then attached by adapters

to 4.16 in. diam. parallel stings which were mounted into the sting support

system. This support arrangement allowed the base of the orbiter to be

essentially free from any support system interference.

The sting support system utilizes computer control to position the model

at angles-of-attack and sideslip by means of combinations of pitch and

roll angles. This model support system is advantageous in that the model

can be maintained, at, or close to, the tunnel centerline where flow

angularity is a minimum. It has the disadvantage, however, of relatively

slow pitch and roll rates (0.17 deg/sec and 1.25 deg/sec, respectively).

22



TESTPROCEDURES

Before and after each set of runs, a wind off zero was taken. During

pumpdown,data were taken in the partial vacuumto check for plugged

pressure taps. Test IA182 was run at conditions compatible with the

conditions run during test IAI05A.

During the first entry of test IA182, the sting support system depicted

in Figure 2k was used. During the secondentry of test IA182, the high

pitch support system depicted in Figure 21 wasused. It should also be

noted that the nose cap on the external tank was rotated 90 degrees so

as to obtain data with pressure orifices 1901and 1902 in both the hori-

zontal and vertical planes.

The test conditions and actual run schedule for test IA182 are depicted

in Tables I and II, respectively.

23



DATA REDUCTION

PRESSURE COEFFICIEN_FS

Pressure coefficients for all model pressures were computed in the

format (P'I Po)/q' where the i subscript represents the orifice number:

P. P
I O

ClD" =

i q

FORCE COEFFICIE_FS

_in Balance

Standard 6-component body axis force coefficients were co_Juted for
the balance mounted Orbiter. The reference area wa6 the Orbiter

_ing area and the reference length for moment coefficients was the Orbiter

reference length. Data were pre.qented about the integrated vehicle
reference center, which is at the orbiter nose on the tank centerline. This

is located at XT = 976, YT = 0, ZT = 400 in tank coordinates, and Xo = 235,

Yo = 0, Zo = 63.5 in Orbiter coordinates. The balance transfers are depicted

in figure 2i. The normal, axial, and pitching moment coefficients for the

orbiter were adjusted for the base area times the pressure term_ as follows :

CAB= + + oms _sw

sw b vg vg

A+ raps _

sw P303

C_, = tan 14.75 °
B Abase_ (-CP_s)avg +-_wABF(_CPBF)avg ]
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DATA P_DUCTION(Continued)

_ -1 [ cN %s_r "_b Z_

+X2 ABF (-CPBFIvg '

B+mp a g

where XI, X2, and Z1 are distances to the centroid of the area from the
moment reference center, and X1 = 37.890, X2 = 39.890, Z1 = 9.795 inches,

model scale, and

(CPb) = 1 (C5 P304 + CP307 + CP312 + CP316 + CP318)
avg

avg

(, • • •= 1 + CP407 CP408 CP413 CP416
B avg 8 405

• )+ CP437 + CP439 CP440

Applying the previous

%-\-%, %=% %,

C =C -C
mf mu m_
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DATA REDUCTION(Continued)

_NG LOADINI)ICATORS

The three componentwing balance data was reduced taking Into account
the supplied first order interaction constants. Thenwith ml, m2, and'm3, the
output of the three flex"tires as iterated, and using the constants am, d, and
em

N = Wingnormal force
W

m1 - m2
- ,Ib

a
m

B = Wing bending moment about Y = 105
lq O

(m1 - m2)
= m_ + d _ in-lb

Z a
m

T = Wing torsion moment about X --1307
W O

(m1 m2)

= m3 + a em,in-lb
m

follo_dng,

N
W

CNw- qSw

B
w

cB - b
w qSw w

T
W

c%=%----7
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, °

where

and

DATA REDUCTION (Continued)

b = wing reference span
W

= 936.68 in. FS

c = wing mean aerod)mamic chord

= 474.8 in. FS

ELEG'ON HINGE MO/_GN_FS

The elevon hinge moment gage output is linear with applied moment.

Therefore,

H °

el

q Cei Se e

H
eo

Ch qSc
eo e e

where

H . = inboard elevon hinge moment
el

H = outboard elevon hinge moment
eo

S = elevon reference area
e

= 210-ft 2 FS

c = elevon mean aerod)mamic chord
e

= 90.7-inch FS
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DATA"REDUCTION(Goncluaed)

ELEVONDEFLECTIONS

Thepresented elevon deflections were adjusted foP aeroelastic load

6ei = _e1"/n° + Hei K6.
load I

6 = _ /no + H K_eo eo eo
load o

where K!i, K6o are linear deflection constants.
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TABLE I

TEST : _Z-A/8_ I
TEST CONDITIONS

MACHNUMBER
REYNOLDSNUMBER

(perunit length)

DYNAMICPRESSURE

(pounds/_. _:t-, )

o. 60 3._ x /o6/_, 800

O. 90

O, qE

/./0

/ ES

STAGNATIONTEMPERATURE

(degrees Fahrenheit)

BALANCE UTILIZED: AEDC//TA31<

NF

SF

AF

RM

PM

YM

I0O0 /Z_ e_c_

800 /6

COEFFICIENT
TOLERANCE:

COMMENTS:
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Figure i. (Continued)

b. Wing Sign Convent%ons
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Figure I. (Concluded)
c, Hinge MomentSign Conventions
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Or_ fice Zo

303 13.29

323

307 9.06

312 13.17

• 316 11.28

318 9.06

319 15.42

321 15.66

13_17

304 12.00

YO

0

0

-2.34

-3.09

-3.09

-1.65

-3.09

-3.21

0

Zo

-3.09 -2.34

-3.21 -1.65

YO

0

i
I

Figure 2.
e.

/I\
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t304

(Continued)
Orbiter Base Pressure Instrumentation,

Yressure Orifice Locations
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i. Main Balance Transfer
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Figure 2. (Continued)

j. Wing Balance Transfer Diagram
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Appendix

Tabulated Data

Dataset ID

R80E$$

R80F$$

R80M$$

R800$$

R80P$$

R80T$$

R80V$$

R80W$$

X4PE$$

X4PF$$

X4PM$$

X4PO$$

X4PP$$

X4PT$$

X4PV$$

X4PW$$

Data Containing Flow Angularity Correction

Data Containing No Flow Angularity Correction

Tabulation Page

i - 28

29 - 56

57 - 84

85 - 112

113 - 140

141 - 168

169 - 196

197 - 224

225 - 252

253 - 280

281 - 308

309 - 336

337 - 364

365 - 392

393 - 420

421 - 448
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